The photosensitizing activity of haematoporphyrin (HP) on ilfJwp/usnia honrinis and Achoktydasmu luid/u\t-ii was studied as a function of the phase of growth and the amount of sterols in the cell membrane. Less H P was bound to cells when the membrane hiid a high sterol content. Both strains in the exponential but not in the stationary phase of growth were sensitive to H P treatment (above 1 pg ml-I) in the dark. Visible light irradiation of HP-loaded cells caused in all cases a decrease of cell survival, with concomitant changes in the pattern of membrane proteins that suggested protein-protein cross-linking, and the appearance of ultrastructural alterations (rounded and lysed cells); the photosensitivity was indirectly related to the sterol content of the cell membrane. On the whole, our findings suggest that the cell membrane is a major target for H P photosensitization of mycoplasma cells.
To determine the amount of cholesterol in the organisms, the total lipids were extracted (Bligh & Dyer, 1959) , and the amount of cholesterol was determined by the method of Rude1 & Morris (1973) .
Cell surrival assay. Unirradiated and irradiated cell samples were diluted 10-fold serially in phosphate-buffered saline (PBS) pH 7.2; each dilution was plated in duplicate on complete solid growth medium. After incubation of the plates at 37 "C for 2-5 d, the number of c.f.u. ml-' was counted with the aid of a light microscope.
H P treatment and irradiation procedure. Cells from cultures in the exponential and stationary phases of growth were harvested by centrifugation at 15000g for 30 min at 4 "C. The sedimented cells were resuspended in PBS, washed twice in 10 ml PBS by magnetic stirring for 30 min, and then centrifuged at 600g for 10 rnin to remove clumped cells. The cell suspensions used in all experiments had an OD650 of 0.07. HP, obtained from Porphyrin Products (Logan, Utah) was dissolved in 0.1 M-NaOH and diluted to the desired concentration by adding PBS. H P solutions in PBS were stable for at least one week if kept in the dark at 4 "C. All irradiation experiments were performed using four 250 W tungsten lamps (Osram), whose light was focused on a Pyrex test tube containing the system to be irradiated (10 ml). The fluence at the level of the test tube was about 18 cd m-2. The cell suspensions were aerated and maintained at 37 "C. The irradiated and unirradiated systems were prepared by adding a suitable volume of the H P solutions to cell suspensions, the final dye concentration being in the range 0.01-100 pg ml-l. At intervals prior to and during irradiation, samples were taken from suspensions for assay ( Fig. 1 ). Previous control experiments had shown that, under the experimental conditions described above, cells were unaffected by 30 rnin illumination in the absence of added HP. Electron microscopy. Cell suspensions obtained and treated as described in Fig. I were fixed in glutaraldehyde, post-fixed in osmium tetroxide and then embedded in Dow epoxy resin as described previously (Meloni et al., 1980) . Thin sections were stained with uranyl acetate and lead citrate (Reynolds, 1963) and then examined in a Hitachi HS9 electron microscope.
Dark and light interaction between hamiatoporphyrin and cells. Samples of washed cell suspension (ODb5, 0.07) were incubated with known amounts of HP for 30 rnin at room temperature and processed as indicated in Fig. 1 . The amount of cell-bound HP was estimated by a spectrophotofluorimetric procedure involving the washing of HP-treated cells with PBS in order to remove unbound porphyrin and the subsequent exposure of cells to 2% (w/v) SDS (Jori et al., 1979) ; in this way, HP is incorporated in a monomeric form into SDS micelles. The spectra were recorded using a Perkin Elmer MPF4 apparatus : the sample solutions were excited at 400 nm and the fluorescence emission was recorded in the 550-750 nm range. The integrated area of the spectra was converted into values of HP concentration by interpolation with a standard plot.
Electrophoresis. Changes in the pattern of membrane proteins were detected after exposure of cells to H P and/or light, as described above. The cell membranes were obtained by osmotic and digitonin lysis for A . Iaidlawii honiinis respectively (Razin, 1963; Rottem & Razin, 1972) . The total protein content was determined by the method of Lowry. The membrane preparations were resuspended (at a final protein concentration of 5 pg ml-I) in buffer containing 0.625 M-Tris/HCl pH 6.8, 10% (v/v) glycerol, 10% (v/v) 2-mercaptoethanol, 17; (w/v) SDS and 0.01 "', (w'v) bromophenol blue, and the samples were boiled for 2 min prior to slab gel electrophoresis (Daniels & Meddins, 1973) . The gel dimensions were 20 x 15 x 0.15 cm and the stacking and separation gels were 4.57; and 7.5 O 0 polyacrylamide, respectively. The migrations were carried out in 50 m~-Tris/383 mwglycine buffer (pH 8.3) containing 0.1 "i (w,'v) SDS and 0.1 06 (v/v) 2-mercaptoethanol, at 70 V, at room temperature overnight. Gels were stained for 30 min with Coomassie Brilliant Blue (0.07"/, in methanol/glacial acetic acid/water, 5 : 1 : 1, by vol.) and then destained with 7.5"; (v/v) glacial acetic acid. The molecular weight of proteins was estimated on the basis of the migration of bovine serum albumin (mol. wt 68000) and ovalbumin (43000).
R E S U L T S
HP appeared to have an appreciable affinity for the cells of M . hominis and A . laidlawii (Fig.  2) : the amount of the cell-bound HP increased with increasing H P concentration in the incubation medium, at least within the range 0.01-100 pg ml-I. For both strains the uptake of HP was very similar in the exponential and stationary phases of growth. The extent of HPbinding decreased in the sequence A . laidlawii -S, A . laidlawii +S, M . hominis.
Survival curves of mycoplasma cells after incubation in the dark (90min) with HP concentrations ranging between 0.01 and 100 pg ml-1 are shown in Fig. 3 . The curves obtained for exponential phase cells of M . hominis and A . IuililaM'ii + S were similar, while A . luidlawii -S appeared to be more resistant to HP. Cells of each strain in the stationary phase of growth were unaffected by exposure to the above-mentioned HP concentrations.
All studies of photosensitized cell inactivation were performed in the presence of 0-1 pg HPml-I, since this concentration had no effect on cell survival in the dark. Control experiments showed that in the absence of added HP cells were insensitive to visible light even after 30 min illumination.
Both strains were sensitive to the photodynamic action of HP (Fig. 4) . While M . hominis and A . laicflawii + S gave plots with an initial shoulder, A . laidlawii-S showed no initial lag phase and was somewhat more resistant to photosensitization. The effect of HP plus visible light treatment on membrane proteins was examined by SDS polyacrylamide gel electrophoresis. Increasing illumination time gave a progressive accumulation of high molecular weight complexes on the stacking gel, with a concomitant disappearance of the normal protein bands from the separating gel. This result was obtained with both mycoplasma strains in both phases of growth. Nevertheless, there was a slight difference between the electrophoretic patterns obtained with A . laidlawii + S (Fig. 5 ) and with A . Iaidlawii-S (Fig. 6) . In particular, the dark treatment of A . laidlawii + S cells with H P caused a decrease in intensity of some protein bands (Fig. 5, lane D) ; this phenomenon was enhanced after 30 s illumination (Fig. 5 , lane E) . With increasing illumination time, many protein bands gradually disappeared; after irradiation times as long as 10-30 min only two bands were present (Fig. 5, lanes I-K) . In contrast, for A . luidlawii-S, control and dark-treated cells yielded the same electrophoretic pattern, and the decrease and/or disappearance of some protein bands (Fig. 6) was slower than that observed for A . laidlawii +S.
Electron microscopic examination of cells treated for 90min in the dark with HP concentrations in the range O.l-lOOpgml-l indicated a slight increase in the volume of A . laidlawii (+ S and -S) cells. However, no significant ultrastructural modifications were observed for similarly dark-treated M . hominis cells. Upon illumination, HP-loaded A . laidlawii cells became swollen, with a decreased electron density; a few lysed cells were also observed after prolonged illumination. Irradiation of HP-loaded M . hominis cells induced a progressive loss of typical morphology, accompanied by rounding and a decrease in electron density.
The content of cholesterol in M . hominis, A . laidlawii + S and A . laidlawii -S was 80, 15 and 0.8 pg (mg total protein)-', respectively. 
DISCUSSION
Two lines of evidence indicate that the interaction of H P with Mollicutes differs from that with bacterial cells (Bertoloni et al., 1984) . Thus, under our experimental conditions, the amount of HP firmly bound to M . hominis and A . laidlawii steadily increased with increasing porphyrin concentration in the incubation medium, at least up to 100 pg ml-1 ; with bacterial cells, the intracellular dye concentration reached a maximum at about 30 pg ml-l (Bertoloni et ul., 1984) . Moreover, Mollicutes cells in the exponential (but not in the stationary) phase of growth were sensitive to HP-induced dark toxicity, which again contrasts with the behaviour of both Grampositive and Gram-negative bacterial cells. Since in all cases, porphyrin preferentially interacts with the cytoplasmic membrane, the above-mentioned differences may reflect differences in chemical composition and/or accessibility of cell membranes between Mollicutes and walled bacteria.
G . B E R T O L O N I A N D O T H E R S
The importance of the chemical composition of the cell membrane in determining its binding capacity for HP is also suggested by the differences in the amounts of cell-bound HP observed between M . hominis, A . laidluwii + S and A . laidluwii-S (see Fig. 2 ). It is worth emphasizing that mycoplasmas are unable to promote cholesterol synthesis, hence they require exogenous cholesterol donors. However, acholeplasmas do not require cholesterol for growth and, in particular, A . laidluwii -S, being cultured in serum-free medium, is almost devoid of cholesterol.
For these reasons the M . hominis cell membrane has a higher sterol content than that of A . laidlawii, as shown by our total cholesterol determinations. Therefore, our results might indicate a role for sterols in the cell membrane in determining the extent of HP binding by M . horninis, A . laidlawii +Sand A . laidluwii-S. Sterolsappearto playarolealsoinmodulating the photosensitivity of Mollicutes. M . hominis is more photosensitive than A . laidluwii, in spite of its lower amount of cell-bound porphyrin. This may indicate that sterols are involved in the HP-induced photodamage at the level of cell membrane. Thus, sterols act as stabilizers of membrane architecture : this behaviour is exemplified by the shoulder observed in the survival curves of M . hominis and A . laidlawii + S at short irradiation times. The importance of lipid peroxidation, and in particular the formation of cholesterol-related hydroperoxides, in causing the lysis of model cell membrane and erythrocytes has been invoked by previous authors (Lamola et ul., 1973) . The lower sensitivity of acholeplasma cells, in particular A . laidlawii -S, to the photosensitizing action of HP could be due, in part, to the presence of carotenoids in the neutral lipid phase, as previously observed by Cooney & Krinsky (1972) and Rottem et al. (1968) with other photosensitizers. Carotenoids are known to be efficient inhibitors of porphyrin photosensitization by quenching some photogenerated oxygen derivatives, including O2 (Spikes, 1982) .
An alternative mechanism of cytolysis involves the formation of protein-protein crosslinkages as a result of dark reactions between photo-oxidation products of specific amino acid residues (Girotti, 1980 ; Verweij et ul., I98 I). The formation of high-molecular-weight covalent adducts between membrane proteins is also demonstrated by our electrophoretic studies on irradiated M . horninis and A . laidlawii cells. However, examination of the data obtained by SDSgel electrophoresis and electron microscopy shows that cross-linking of membrane proteins precedes cell lysis. In the light of recently published observations on porphyrin-photosensitization of yeast cells (Ito & Ito, 1984) , it is likely that both reaction pathways operate simultaneously and the prevalence of either mechanism is determined by a variety of factors, including the aggregation state of the porphyrin (which in turn affects the subcellular distribution of the dye) and the chemical composition of the cell membrane.
In conclusion, all the available data indicate a major role for the cell membrane in H P binding and H P photosensitization of Mollicutes cells.
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